In Vietnam, Cattle Egrets (Bubulcus ibis) are common in a variety of habitats, such as freshwater marshes, beaches, and paddy fields. They are also found associated with cattle (Bos spp.) and occasionally with pigs (Sus scrofa), goats (Capra hircus), and horses (Equus caballus) and are kept for insect control in households. In this study, six Cattle Egrets were experimentally infected intranasally with highly pathogenic avian influenza (AI) A/duck/Vietnam/40D/04 (H5N1) to investigate a possible epidemiologic role for Cattle Egrets in outbreaks of H5N1 AI in Vietnam. The Cattle Egrets were highly susceptible to the infection and either died within a week or had to be euthanized. Five uninfected chickens housed with the inoculated Cattle Egrets from day 1 to day 8 postinfection showed no signs of disease or mortality. This observation was most probably due to the low-level virus shedding by the Cattle Egrets. We concluded that Cattle Egrets are not significant reservoir hosts for H5N1 AI virus.
INTRODUCTION
The first isolation of highly pathogenic avian influenza virus (HPAIV) subtype H5N1 of the Asian lineage was from geese (Anseriformes: Anatidae) in Guangdong Province, China, in 1996 (Xu et al., 1999) , and the virus perpetuated in domestic poultry during the following years. Since late 2003, AI caused by this virus has become endemic in poultry in many countries in East and Southeast Asia (Li et al., 2004) . In May 2005, H5N1 AIV was isolated from numerous dead aquatic birds from Qinghai Lake, western China Liu et al., 2005) . Since then, cases of dead or sick wild waterfowl infected with H5N1 AIV have been recorded frequently in Asia and Europe, suggesting that migrating wild birds could have contributed to the spread of the virus from East Asia, across southern Siberia, and into Europe and Africa in (Normile, 2006 . The first epidemic of H5N1 AI in Vietnam occurred in late 2003, and the H5N1 virus has subsequently become endemic (Vietnam Department of Animal Health, Epidemiology Division, unpubl. data).
In recent years, there have been reports of wild birds dying, including Little Egrets (Egretta garzetta) infected with HPAIV H5N1 (Ellis et al., 2004) and Little Egrets having serum antibodies specific to the H2 subtype of AIV (Chen et al., 2006) .
In Vietnam, Cattle Egrets (Bubulcus ibis) are common in a variety of habitats, including freshwater marshes, beaches, and paddy fields (Seedikkoya et al., 2005) . They are often associated with cattle (Bos spp.) and occasionally with pigs (Sus scrofa), goats (Capra hircus), and horses (Equus caballus; Seedikkoya et al., 2005) . They also mingle with Mallard Ducks (Anas platyrhynchos), and Muscovy Ducks (Cairina moschata), and they scavenge with chickens (Gallus domesticus) in paddy fields. Occasionally, Cattle Egrets also are kept as household pets for insect control. In these ways, the habitats of the Cattle Egret are very similar to those of domestic animals. Furthermore, Cattle Egrets may have antibodies to agents of other important chicken diseas-es, such as Newcastle disease and Gumboro disease (Fagbohun et al., 2000a, b) . These observations suggest that Cattle Egrets may have participated in the circulation of AIV. We investigated the susceptibility of Cattle Egrets to HPAIV H5N1 to elucidate a possible epidemiologic role of egrets in outbreaks of HP H5N1 in Vietnam.
MATERIALS AND METHODS

Viral strain
In this study, HP A/duck/Vietnam/40D/04 (H5N1) was used (Hulse-Post et al., 2005; Phuong et al., 2010) . Virus stock was grown in 10-day-old embryonated chicken eggs at 37 C. The allantoic fluid was harvested, and aliquots were stored at 280 C until use. The virus titer was determined according to the method of Reed and Muench (1938) . All experiments were performed in a reference laboratory for influenza at the National Institute of Veterinary Research, Vietnam, under biosafety-level-3 conditions.
Experimental animals
Six Cattle Egrets of unknown age were captured in Hatay province under license of the Department of Forestry, Ministry of Agricultural and Rural Development of Vietnam. Five 4-wk-old, unvaccinated chickens (Luong Phuong line), raised on an isolated farm without any prior history of H5N1 outbreaks, were included in the experiment. Cloacal and oropharyngeal swabs and serum samples from Cattle Egrets and chickens were collected to test for AIVs and H5 antibodies immediately before exposure to the virus. Test results confirmed the chickens were not infected with AIV and had no detectable serum antibodies to the H5 hemagglutinin. They were exposed to virus 1 wk after testing.
Experimental design
Stock virus was diluted with phosphatebuffered saline to obtain a final titer of 10 6 50% egg-infectious dose (EID 50 ) in 0.2 ml. We inoculated each Cattle Egret with 0.2 ml intranasally. Inoculated Cattle Egrets were housed in a 12-m 2 room with five uninoculated chickens on day 1 postinoculation (PI). Cattle Egrets and chickens were allowed continuous access to food (small fish and chicken feed) and water, with the birds sharing the same troughs. When all Cattle Egrets had died or were euthanized at day 8 PI, the five surviving chickens were kept in the experimental environment for another 10 days; after which, serum was collected for the detection of H5 antibodies, and the chickens were inoculated intranasally with 0.2 ml A/duck/Vietnam/40D/ 04 (H5N1) influenza virus.
After the infection, clinical signs and mortality of the infected Cattle Egrets and contact chickens were recorded daily. Oropharyngeal and cloacal swab samples were collected daily from infected Cattle Egrets and contact chickens and were placed in 1.5 ml fluid transport medium for virus detection. Tissue samples from brain, trachea, spleen, intestine, and muscles were collected at necropsy of dead birds or euthanized birds at the end of the experiment and stored at 280 C for subsequent virus isolation.
Tissue and swab samples were prepared for viral RNA detection through RNA isolation procedure and real-time reverse transcriptasepolymerase chain reaction (RT-PCR) assay, as previously described (Fouchier et al., 2000; Ward et al., 2004) . RNA extraction and realtime RT-PCR were performed using a QIA-GEN RNeasy Mini Kit (QIAGEN GmbH, Hilden, Germany) for RNA extraction as recommended by the manufacturer. Real-time RT-PCR assays were performed on a Bio-Rad iQ5 Sequence Detection System machine (Bio-Rad Laboratories, Inc., Hercules, California, USA) using the OneStep RT-PCR Kit (QIAGEN), and the AIV matrix assay of Runstadler et al. (2007) .
Virus isolation was performed by inoculating five embryonated chicken eggs by the allantoic route with 0.2 ml of homogenized tissue or swab sample supernatants. The eggs were incubated at 37 C and candled daily. The allantoic fluids were harvested and tested for hemagglutination activity, as previously described (Kendal et al., 1982) . For determination of virus titers in swab samples, serial 10-fold dilutions of supernatant were inoculated onto Madin-Darby canine kidney cells in quadruplicate, according to Rimmelzwaan et al. (1998) .
RESULTS
Clinical observations and pathology
No Cattle Egrets demonstrated clinical symptoms originating from the central nervous system (which are observed for many bird species infected with HPAIV); the most obvious clinical signs were anorexia and severely impaired ability to move starting at day 3. The main gross lesions were general congestion, ulceration, and intestinal hemorrhage. Four of the six Cattle Egrets died between days 4 and 6 PI (one died at day 4 PI, one at day 5, and two at day 6). Two infected Cattle Egrets survived until day 8 with severe clinical symptoms and were euthanized. No contact chickens showed any signs of disease or mortality following contact with inoculated Cattle Egrets from days 1 to 8 PI.
Virus shedding
Following inoculation with A/duck/Vietnam/40D/04 (H5N1), viral RNA was detected in the oropharyngeal and cloacal swabs by real-time RT-PCR (Table 1) . Almost 100% of the oropharyngeal and cloacal samples were positive for viral RNA from day 1 to day 8 PI. Infectious virus was isolated from swab samples at day 2 PI at the earliest. In cloacal swabs, infectious virus was detected only at days 3 and 4 PI, whereas virus was isolated from day 2 and as late as day 8 from oropharyngeal swabs. In one of the two surviving birds, infectious virus was detected more frequently throughout the experiment in oropharyngeal swab samples than it was in cloacal swab samples (Table 1) .
Virus detected in oropharyngeal and cloacal swab samples had low titers, ranging from 10 1 to 10 2 median tissue culture infective dose (TCID 50 ; Neither infectious virus nor viral RNA was detected in any of the oropharyngeal and cloacal swabs of the contact chickens and all the chickens were antibody-negative at the end of the experiment. However, following the inoculation of the unaffected contact chickens, they all died with typical clinical signs of HPAI influenza on days 2-3 PI.
H5N1 virus in tissues
The A/duck/Vietnam/40D/04 (H5N1) influenza virus replicated in multiple organs of the Cattle Egrets and caused clinical signs and death. Tissue samples were obtained from the dead Cattle Egrets on days 4-6 and from the two Cattle Egrets that were euthanized at day 8 PI. Infectious virus and viral RNA also were detected in brain, trachea, spleen, Oropharyngeal 0/5/6 2/6/6 5/6/6 5/5/5 4/4/4 2/2/2 2/2/2 1/2/2 Cloacal 0/6/6 0/6/6 3/6/6 4/5/5 0/4/4 0/2/2 0/1/2 0/1/2 a By virus isolation.
b By real-time reverse transcriptase-polymerase chain reaction. intestine, and muscle tissues of the infected Cattle Egrets from day 4 (Table 3). In addition, infectious virus was detected in all types of tissues of the dead Cattle Egrets at days 4 and 5 PI, except for the spleen of the Cattle Egret that died at day 5. Infectious virus was detected only in the brain and trachea of the Cattle Egrets euthanized on day 8. In contrast, viral RNA was detected in all tissues until day 8, where the Ct values obtained from the tissues of Cattle Egrets dying at days 4 and 5 PI were significantly lower than were the values from Cattle Egrets dying late in the infection.
DISCUSSION
Since the beginning of the avian influenza outbreaks in Vietnam, it has been speculated that wild bird migration has played a role in transmission and spread of AI. On several occasions between 2004 and 2005, surveys for HPAIV in wild birds produced negative results. In January 2005, two AI isolates, A/wildbird/VNM/ 434/05 and A/wildbird/VNM/435/05, were obtained from the feces of wild birds in Dong Thap Province, Vietnam, but the host species of these isolates were not identified (Nguyen et al., unpubl. data) . In the present study, Cattle Egrets were highly susceptible to the A/duck/Vietnam/ 40D/04 virus, as demonstrated by clinical symptoms, mortality, and gross lesions following intranasal inoculation. Although the Cattle Egrets were highly susceptible to systemic infection, there were distinct differences in the main clinical signs and lesions compared with chickens and ducks. Central nervous system-related clinical signs were not observed in Cattle Egrets, and gross lesions were only observed in the intestinal tract.
A key question raised from our results is the lack of infection in the contact chickens, despite the viral shedding by Cattle Egrets as demonstrated by cloacal and oropharyngeal swabs on days 2-4 and 2-8 PI, respectively. Furthermore, low mean Ct values for all types of swab samples at days 4 and 5 PI (range 19.1-27.7) indicates a large number of RNA copies were excreted from infected Cattle Egrets at that time. One possible explanation is the low level of virus shedding.
Shedding from the cloaca ended at day 5, but oropharyngeal shedding continued throughout the observation period for the surviving birds. However, the quantity of infectious virus in swab samples was very low, close to the detection limit. In some swab samples, the infectious virus could be detected by egg inoculation but the virus titer in Madin-Darby canine kidney cells was either zero or low (10 1 to 10 2 TCID 50 ). This may indicate that the virus replicated more slowly and with less production of infectious progeny in Cattle Egrets, compared with chickens. It has been suggested that even commercial chickens are resistant to infection if exposed to very low doses of virus (Swayne and Pantin-Jackwood, 2006) and that some poultry in infected flocks can escape infection when stocking densities are low. The contact chickens in this study showed no clinical signs; no virus was isolated from them, and they had no detectable H5 serum antibodies. Subsequently, challenge of the contact chickens with the same dose of H5 virus used for inoculation of the Cattle Egrets resulted in the development of typical disease signs and death of the chickens at day 2 PI. This further substantiated that no protective immunity had developed during the contact with the Egret species. For various reasons, it is difficult to correlate the exposure of the contact chickens during contact with the inoculated Cattle Egrets, with the dose finally inoculated into the chickens. However, inoculation of the surviving contact chickens demonstrated their susceptibility to the virus, supporting the theory that lowlevel excretion of virus from the Cattle Egrets could be the reason the contact chickens did not develop disease.
In our study, mean Ct values in oropharyngeal swabs were lower than in cloacal swabs, indicating that the initial template concentration of RNA copies was higher in oropharyngeal swab samples. Our findings are in accordance with the previous results where virus was found in organs of infected Cattle Egrets and appeared more frequently in oropharyngeal than in cloacal swab samples, albeit in low concentration.
In conclusion, it appears that Cattle Egrets do not play a major role as ''silent'' reservoir for H5N1 AIV because infection in this species does not go unnoticed. Either they are infected and die or they are not infected. Cattle Egrets are highly susceptible to infection and develop severe systemic disease and mortality. Nevertheless, H5N1 virus did not replicate to high titers at least in some organs and shedding of virus was low. Additional investigation of the pathogenesis of HPAI virus in Cattle Egrets and other wild birds is needed for a better understanding of their role in the epidemiology of AI.
